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METHOD AND APPARATUS FOR
MAINTAINING AN IDEAL FREQUENCY
RATIO BETWEEN
NUMERICALLY-CONTROLLED
FREQUENCY SOURCES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s related to U.S. provisional application
Ser. No. 60/618,303, filed Oct. 13, 2004 and from which 1t
claims benefits under 35 U.S.C. §119(e).

The present application 1s also related to the following
U.S. patent applications:

“INVERSE TRACKING OVER TWO DIFFERENT
CLOCK DOMAINS” Ser. No. 10/964,556, filed Oct. 13,
2004; and

“METHOD AND SYSTEM FOR SYNCHRONIZING
VIDEO INFORMATION DERIVED FROM AN ASYN-
CHRONOUSLY SAMPLED VIDEO SIGNAL”, Ser. No.
11/082,346, filed Mar. 13, 2005; and

“METHOD AND SYSTEM FOR VIDEO-SYNCHRO-
NOUS AUDIO CLOCK GENERATION FROM AN ASYN-
CHRONOUSLY SAMPLED VIDEO SIGNAL” Ser. No.
11/082,347, filed Mar. 13, 2005.

Each of the above-referenced patent applications has at
least one inventor 1n common with the present application
and are assigned to the same assignee. The specifications
and drawings of each of the above-referenced patent appli-
cations are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to audio/video
(AV) systems, and more specifically, to a method and system
for maintaining an ideal frequency ratio between numeri-
cally-controlled frequency sources.

2. Background of the Invention

Numerically controlled oscillators and other digital phase/
frequency timebases are increasingly used 1n digital circuits
that receive, generate and transform data to and from analog,
devices. In particular, the above-incorporated patent appli-
cations describe video and audio systems and circuits that
sample iput signals and transform them to the digital
domain.

When two or more mformation streams are to be syn-
chronized to numerically-generated timebases, the finite
expression ol the number controlling each timebase pro-
duces an error between an 1deal relationship of the frequen-
cies of the timebases and the actual frequencies of the
timebases as controlled by the input numbers. In the above-
incorporated patent applications, techniques are described
for generating timebase information and/or synchronization
signals from numbers representing ratios between a local
precision reference oscillator frequency and a known or
detected input information reference frequency and also
from ratios between various desired output frequencies and
the 1nput information frequencies.

When two or more timebase or clock signal outputs are
generated 1n such a scheme, for example 1n the audio/video

synchronizing embodiment described 1in the above incorpo-
rated application entitled “METHOD AND SYSTEM FOR

VIDEO-SYNCHRONOUS AUDIO CLOCK GENERA-
TION FROM AN ASYNCHRONOUSLY SAMPLED
VIDEO SIGNAL”, long-term error between the generated
audio clock or timebase and the generated video clock or
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timebase occurs due to the finite expression of the audio
ratio and the video ratio numbers. There are two sources of
finite expression error present 1n the described circuits: 1)
The generated video synchronization reference 1s only as
accurate as the video expression number will permit; and 2)
The audio synchronization reference is not generated from
the actual generated video synchronization reference and
further 1s only as accurate as the audio ratio precision
permits. Although these errors are small if the number of bits
used to represent the ratios 1s suiliciently high, over long
periods of time, synchronmization driit will still occur
between the sampled video and the sampled audio.

Therefore, 1t would be desirable to provide a method and
system for maintaining an ideal ratio between numerically-
controlled frequency sources so that long-term drift between
the frequency sources can be eliminated.

SUMMARY OF THE INVENTION

The above stated objectives are achieved 1n a method and
apparatus for maintaining a generated synchronization ret-
cerence 1n an 1deal ratiometric relationship with another
generated synchronization reference.

A first synchronization reference 1s generated from a first
ratio between a reference clock frequency and a first clock
frequency and a second synchronization reference i1s gener-
ated from a second ratio between the reference clock fre-
quency and a second clock frequency. A dynamic frequency
correction factor 1s computed by comparing the frequency of
the first synchronization reference to the frequency of the
second synchronization reference via a rational frequency
comparator. The dynamic frequency correction factor is
applied to generation of the second synchronization refer-
ence to correct the frequency of the second synchronization
reference so that an ideal rational relationship between the
frequencies of the generated first and second synchroniza-
tion references 1s maintained.

The dynamic frequency correction factor can be a dither
factor that provides for preservation of the ideal ratio
between the first and second references over a long-term
average, or may provide a precision correction factor that
stabilizes around a fixed value.

The foregoing and other objectives, features, and advan-
tages of the invention will be apparent from the following,
more particular, description of the preferred embodiment of
the 1nvention, as illustrated 1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram depicting application of an
apparatus in accordance with an embodiment of the present
invention.

FIG. 2 1s a block diagram of video sampling subsystem 10
of FIG. 1, mcluding an apparatus in accordance with an
embodiment of the present invention.

FIGS. 3A and 3B are block diagrams depicting exemplary
implementations of ratiometric frequency comparator 40 of
FIG. 2 1n accordance with embodiments of the present
invention.

FIG. 4 1s a block diagram depicting an exemplary imple-
mentation of reference audio clock generator 42 of FIG. 2 1n
accordance with an embodiment of the present invention.

FIG. 5 1s a block diagram depicting another exemplary
implementation of reference audio clock generator 42 of
FIG. 2 1n accordance with an embodiment of the present
invention.
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DESCRIPTION OF ILLUSTRATIVE
EMBODIMENT

The present invention encompasses a method and appa-
ratus for maintaining an ideal rational frequency relationship
between two numerically generated synchromization
sources, even though the numeric control values cannot
express the ideal rational relationship. The method and
apparatus adjust the frequency of a given one of the syn-
chronization sources in conformity with a ratiometric fre-
quency comparison of the outputs of the synchronization
sources to the desired 1deal ratio. The action of the method
and apparatus compensate the frequency of the given syn-
chronization source not only for error 1n the finite expression
of the number controlling its frequency, but also for error 1n
the other synchronization source frequency due to finite
expression of the other frequency control number. The result
1s 1s that the present invention forces the long-term average
frequency of the controlled synchromization source to be 1n
ideal rational relationship with the actual frequency gener-
ated by the other synchronization source. Finite expression
error 1s that error due to the finite number of bits used to
express a binary number. In the present application, finite
expression error 1s caused by error 1n a rational ratio between
the frequencies two synchronization references that cannot
be expressed in the number of bits employed to control the
ratiometric synthesis of the synchronization source frequen-
cies. Some ratios, e€.g. 3/5, cannot be expressed completely
in any number of bits. The “1deal rati0™ as used herein, refers
to the exact relationship desired between the synchroniza-
tion sources, €.g., the actual audio to video synchromization
frequency ratio embedded 1 a composite audio-video
source.

The present invention 1s applicable any time that phase
coherence and/or an exact Ifrequency ratio needs to be
maintained between two numerically-controlled frequency
sources. However, the exemplary embodiments depicted
herein are directed toward circuits and methods that produce
a reference audio clock for sampling an audio signal. The
reference audio clock 1s synchronized to a video source
clock signal that has an ideal rational frequency relationship
with the audio clock. The frequency of the reference audio
clock 1s adjusted to maintain the ideal frequency ratio.
However, the video clock could be adjusted for other appli-
cations by applying a frequency correction determined 1n
accordance with an alternative embodiment of the present
invention.

Referring now to FIG. 1, an application of a wvideo
sampling subsystem 10 including features in accordance
with an embodiment of the invention 1s illustrated. The
depicted application 1s video capture of a video cassette
recorder (VCR) 12 output for storage on a digital versatile
disc (DVD) via a DVD-R writer 16. Video processing
subsystem 10 receives a composite video signal, such as an
NTSC or PAL signal from VCR 12, and generates a refer-
ence audio clock that 1s provided to an audio analog-to-
digital converter (ADC) 18 which receives the analog audio
signals from VCR 12. ADC 18 should be understood to
include anti-aliasing filters and data conversion elements to
provide a proper digital audio output to MPEG-3 encoder
14, which may be wide parallel data, or a serial signal such
as an S/P-DIF signal. Additionally, 1t should be understood
that 1n place of VCR 12, another mput device having a
digital audio output that 1s synchronized to 1ts video signal
may be substituted and that the techmiques of the present
invention apply as well 1t audio ADC 18 1s replaced with a
digital audio receiver/sample rate converter.
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MPEG-3 encoder 14 receives the sampled digital video
produced by video sampling subsystem 10, which may be
wide data or a serial digital interface such as DV-1. MPEG-3
encoder 14 bundles the received digital audio and video nto
an encoded and compressed file stream for storage by
DVD-R writer 16.

Referring now to FIG. 2, details of video sampling
subsystem 10 of FIG. 1 are depicted. The analog video input
signal 1s recerved and converted by an ADC 20 operating at
the frequency of a provided sampling clock. The output of
ADC 20 1s digitally-filtered by low-pass filter (LPF) 21,
which removes video and audio information, leaving only
synchronization information, which can be at the line rate or
the frame rate (or field rate). The filtered data 1s passed to a
phase-detector 22 which compares the phase of the video
synchronization data to the digital output of a numerically
controlled oscillator (NCO) 24 and provides phase-correc-
tion error output to a loop filter 26 that closes the PLL by
providing the control input to NCO 24 through an adder 27.

Adder 27 recerves a number constituting a video factor
that 1s added to the output of loop filter 26 to generate a
frequency oflset. The video factor i1s determined from the
known difference between the video source frequency and
the sampling frequency and may be adjusted programmati-
cally to adapt to various video rates.

The output of adder 27 1s a slowly-varying or essentially
constant number corresponding to the ratio between the
sampling clock rate and the video clock rate, labeled “video
ratio”. The video ratio 1s multiplied by a known factor
(constant) representing the ratio of the video clock {fre-
quency to the desired reference audio clock frequency by a
multiplier 44. The resulting “audio” ratio 1s the ratio
between the sampling clock frequency and the desired
reference audio clock rate and the audio ratio 1s supplied to
a reference audio clock generator 42 that produces the
reference audio clock. (The reference audio clock frequency
will generally be a multiple of the actual audio data sample
rate used by ADC 18.) A ratiometric frequency comparator
40 compares the frequencies of reference audio clock gen-
crator 42 and video clock generator 28 and adjusts the
frequency of reference audio clock generator 42 to maintain
a long-term average value of the ideal frequency ratio
between the reference audio clock and the video line-locked
clock. As the frequency diflerence 1s generally very small, 1t
1s not necessary to stabilize the reference audio clock
frequency for some applications. In those applications, ratio-
nal frequency comparator 40 may provide a dynamically
changing frequency adjustment to dither the reference audio
clock frequency around 1ts ideal value with respect to the
generated video line-locked clock. Alternatively, for appli-
cations requiring an extremely stable reference audio clock
frequency, filtering may be employed and the dynamic
frequency correction factor made to stabilize around a fixed
frequency.

Loop filter 26 receives a line clock signal derived from
other processing circuits that 1s synchronous with the video
source line frequency. The line clock signal 1s used to
synchronize the processing in the loop filter to avoid aliasing
error that would occur through phase detector 22 due to the
difference between the source video sync rate and the sync
rate as sampled and appear as a “beat frequency” at the
output of loop filter 26. Such beat frequencies can approach
DC values and therefore are eliminated rather than filtered.

The video ratio 1s provided to an inverse function block 33
that generates a numeric output functionally mverse to the
video ratio and therefore corresponding to a second ratio of
the video source line rate to the sampling clock frequency.
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The second (inverted) ratio provides an mput to a second
NCO 36 through multiplexer 35. NCO 36 generates a
number (a) that controls a sample rate converter (SRC) 30 by
adjusting coeflicients of an interpolation filter. The second
NCO 36 output 1s further supplied as feedback to an adder
29 that combines the inverse ratio from inverse function
block 33 1n combination with the output of NCO 36 to
provide the mput to NCO 36, when multiplexer 35 1s 1n its
normal operating state. The select input of multiplexer 35 1s
pulsed at the start of each line (or frame or field 11 the ratio
1s based on the frame or field) and causes a start fraction
value to be loaded into NCO 36 at the beginning of each
video sync interval. The start fraction 1s a value dependent
on the sync rate of the incoming video and the desired output
sync rate, which 1s obtained by latching a remainder value
out of phase detector 22 via a latch 37. The feedback through
adder 29 causes NCO 36 to generate a linearly varying
progressive phase number a that 1s used by SRC 30 to
interpolate digital video samples received from ADC 20 and
stored 1n FIFO 32 to be synchronized with the new line rate.

While the above described circuits use a digital NCO 24
and a digital phase detector 22 that receives a wavelorm
representation (generally parallel binary data that represents
a ramp signal integrator output for phase-locking with the
filtered mput video sync data, which 1s also parallel digital
data), other circuit embodiments, both digital and analog are
contemplated by the present invention. In particular, NCO
24 may generate an actual signal waveform that 1s phase
compared with either a digital or analog filtered sync signal
and NCO may be replaced with a voltage-controlled oscil-
lator (VCO) with an appropnate analog loop filter and
analog adders/multipliers, or portions of the above-circuits
may be implemented in analog circuits with appropriate A/D
or D/A converters between disparate blocks. Also, a digital
timebase input to phase detector 22 may be any digital
representation of phase, which may be a parallel multi-bit
number representing an absolute phase ramp (phase/time
ramp) or other numeric indicator of the phase and frequency,
such as numbers indicating an edge position and pulse
width, etc.

Similarly, embodiments of the present invention may or
may not generate an actual clock signal from the respective
numerically-controlled oscillators (in the exemplary
embodiment video clock generator 28 and reference audio
clock generator 42), as long as the output of the respective
numerically controlled oscillators can provide a phase and
frequency reference. For example, 1n sample rate converter
(SRC) applications where the audio input data 1s already 1n
a digital format, the SRC mput reference clock may be
digital numeric data corresponding to a video-synchronized
reference audio clock signal, but may require no actual
reference audio clock signal to operate, as the converter may
use the numeric audio reference clock data to operate
interpolators and the SRC circuitry may be *“clocked” by the
sampling clock mstead. Similarly, video clock generator 28
may not need to generate an actual clock waveform output,
as rational frequency comparator 40 and other processing
blocks may be designed to receive a numeric indication of
phase.

Referring now to FIG. 3A, a rational frequency compara-
tor 40A that may be employed as rational frequency com-
parator 40 of FIG. 2, 1s shown. Blocks 34 A and 54B provide
an additive value (or number of pulses) to an accumulator 56
which subtracts the audio clock counts from the video clock
counts. The accumulator output provides the dynamic fre-
quency correction factor to correct the frequency of the
reference audio clock and may be a single bit representing,
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the sign of the accumulated value for a coarse dither of the
reference audio clock, or may be a magnitude value that 1s
optionally filtered and effectively added to the audio ratio by
the reference audio clock generator 42.

Referring now to FIG. 3B, another rational frequency
comparator 40B that may be employed as rational frequency
comparator 40 of FIG. 2, 1s shown. Counters S0A and 50B
divide the video and audio clock signals by differing integers
to provide scaling factors that scale down the outputs of
counters 50A and 50B to be ideally equal in frequency (i.e.,
by the numerator and denominator of the ideal frequency
ratio). A phase comparator 52 compares the phase of the
scaled-down synchronization signals and the output of phase
comparator 52 1s optionally filtered by a low pass filter 53 to
yield the dynamic frequency correction factor that 1s then
provided to correct the frequency of the reference audio
clock.

While FIGS. 3A and 3B provide exemplary embodiments
ol a ratiometric frequency comparator as are employed 1n
circuits 1n accordance with embodiments of the present
invention, 1t should be understood that there are alternative
mechanisms for performing a ratiometric frequency com-
parison, and that any such comparator 1s contemplated for
use 1n embodiments of the present invention.

Referring now to FI1G. 4, details of a reference audio clock
generator 29A that may be used to implement reference
audio clock generator 29 of FIG. 2 1s depicted 1n a block
diagram. A fractional divider 64 receives the sampling
clock/audio clock frequency ratio and divides the output of
a voltage controlled oscillator (VCO) 68 to match phase and
frequency with the sampling clock mput which may be
prescaled from the master sampling clock. Fractional divider
64 1s a delta/sigma circuit that generates an average pulse
signal corresponding to the mput (VCO 68 output) value
divided by the divisor (audio ratio) value.

A loop filter 66 provides the voltage control mput to VCO
68 to close the loop, and a divider 69 reduces the output rate
of VCO 68 to that of the desired reference audio clock
frequency. The dynamic frequency correction factor, which
may be a single bit, a multi-bit number or an analog signal
1s provided to reference audio clock generator 42 1n order to
adjust the long-term average of reference audio clock to be
in 1deal ratiometric relationship with the video line-locked
clock. Generally the frequency correction factor will be
supplied to fractional divider 64 or applied to the incoming,
ratio by an adder (1llustrated as the +/— introduction of the
dynamic frequency correction factor to the audio ratio input)
to provide one or more additional bits of resolution to the
ratio. However, as noted above, the correction does not have
to be applied as a “fine adjustment” to the ratio, but may
rather be a dithered “coarse” adjustment of frequency that
maintains the long-term average frequency ratio at its 1deal
value.

The dashed lines connecting the dynamic frequency cor-
rection factor to various blocks within reference audio clock
generator 42A 1llustrate various points at which a frequency
control or dithered frequency shift could be introduced 1n the
loop that controls VCO 68 and may include shifting the
VCO 68 control voltage and adding or subtracting an oflset
within loop filter 66, 1n response to the detected deviation of
the frequency ratio from the 1deal. As explained above, any
mechanism that permits dithering of the output frequency of
VCO 68 around the 1deal reference audio clock frequency
value, as determined i1n ratio with the video line-locked
clock, may be employed, as well as any mechanism that
adjusts the frequency of VCO 68 to a stable 1deal value.
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Referring now to FIG. 5, another reference clock audio
generator 29B that may be used to implement reference
audio clock generator 29 of FIGS. 2 and 3 1s shown.
Reference audio clock generator 29B consists of a direct
digital synthesis (DDS) based phase-lock loop (PLL) system
70 that generates the reference audio clock purely in the
digital domain. The audio ratio 1s supplied to control a
discrete time oscillator (DTO) that 1s clocked by VCO 78.
The sampling reference clock 1s compared with the con-
verted output of DTO 74 as provided via a digital-to-analog,
converter (DAC) 75, and the phase comparator output is
smoothed by loop filter 76 to provide the control voltage
mput to VCO 78. As illustrated above with respect to the
clock output oscillator of FIG. 4, various points of applica-
tion of the dynamic frequency correction factor are 1illus-
trated via dashed lines, including the primary point of
application directly to DTO 74, where one or more bits of
correction can either be supplied as least-significant bits of
the audio ratio (effectively by addition), or can be used to
make coarse dither adjustments i DTO 74. Also as
described with respect to FIG. 4, VCO 78 or loop filter 76
can be oflset to supply dither or fine-tuning by the dynamic
frequency correction.

Whether dithering, or adjustment via filtering or other
means that provides a stable single frequency of the source
being frequency controlled by the action of the present
invention, the goal 1s that the long-term average of the
frequency of the controlled frequency source 1s maintained
in a prescribed “ideal” ratio to the other frequency source.
While the exact period of averaging 1s particular to a specific
application of the invention, 1n general with respect to audio
and video sources, the average should be maintained so that
no noticeable drift between the audio and the video content
may be observed.

While the mnvention has been particularly shown and
described with reference to the preferred embodiments
thereot, 1t will be understood by those skilled 1n the art that
the foregoing and other changes 1n form, and details may be
made therein without departing from the spirit and scope of
the 1nvention.

What 1s claimed 1s:

1. A method for mamtaining phase coherence between
two rationally related synchronization references, compris-
ng:

generating a {irst synchronization reference having a first

output frequency determined by a first frequency con-
trol number:

generating a second synchronization reference having a

second output frequency determined by a second fre-
quency control number and a dynamic frequency cor-
rection factor:
ratiometrically comparing said first output frequency to
said second output frequency to determine whether a
ratio of said first output frequency to said second output
frequency 1s above or below a predetermined frequency
ratio between frequencies of said first and second
synchronization references due to finite expression of
said first and second frequency control numbers; and

adjusting said dynamic frequency correction factor in
conformity with a result of said comparing, whereby a
long-term average of said second output frequency 1is
maintained 1n said predetermined frequency ratio with
said {irst output frequency.

2. The method of claim 1, wherein said first frequency
control number represents a {irst ratio between a frequency
of a reference clock and said first output frequency, wherein
said second frequency control number represents a second
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ratio between said frequency of said reference clock and said
second output frequency, and wherein said generating a first
synchronization reference and said generating a second
synchronization reference generate said first and second
synchronization references from said reference clock and a
corresponding one of said first and second ratios.

3. The method of claim 2, further comprising computing,
said second ratio from said first ratio.

4. The method of claim 1, wherein said generating a first
synchronization reference generates a video synchronization
reference and said generating a second synchronization
reference generates an audio synchronization reference and
wherein said adjusting maintains said audio synchromzation
reference 1n long-term phase coherence with said video
synchronization reference.

5. The method of claim 1, wherein said generating a first
synchronization reference generates a first numeric repre-
sentation of a phase of said first synchronization reference
and said generating a second synchronization reference
generates a second numeric representation of a phase of said
second synchronization reference.

6. The method of claim 1, wherein said generating a first
synchronization reference generates a first signal providing
said first synchronization reference and said generating a
second synchronization reference generates a second signal
providing said second synchronization reference.

7. The method of claim 1, wherein said comparing 1s
performed by:

adding a first number of counts to an accumulator for each
cycle of said first output frequency; and

subtracting a second number of counts to said accumu-
lator for each cycle of said second output frequency,
wherein a ratio of said first number to said second
number 1s an inverse of said predetermined ratio, and
wherein said adjusting computes said dynamic correc-
tion factor from a value of said accumulator.

8. The method of claim 1, wherein said comparing 1s
performed by:

dividing said first output frequency by a first factor;

dividing said second output frequency by a second factor,
wherein a ratio of said first factor to said second factor
1s equal to said predetermined ratio; and

phase comparing a result of said dividing said first output
frequency with a result of said dividing said second
output frequency, and wherein said adjusting adjusts
saild dynamic correction factor in conformity with a
result of said phase comparing.

9. The method of claim 1, wherein said dynamic {fre-
quency correction factor comprises at least two discrete
values of frequency correction for adjusting said second
output frequency above and below a predetermined value of
said second output frequency, whereby said second output
frequency 1s dithered by said adjusting to maintain said
long-term average.

10. The method of claim 1, wherein said dynamic 1ire-
quency correction factor comprises a continuous value for
adjusting said second output frequency, whereby said sec-
ond output frequency 1s maintained at a substantially stable
value to maintain said long-term average.

11. A circuit for generating for generating two rationally
related synchronization references, comprising:

a first numerically controlled oscillator having a first
output frequency determined by a first frequency con-
trol number;
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a second numerically controlled oscillator having a sec-
ond output frequency determined by a second {ire-
quency control number and a dynamic frequency cor-
rection factor;

a ratiometric frequency comparator having inputs for
receiving an output of each of said first and second
numerically controlled oscillators and an output pro-
viding said dynamic Irequency correction {factor,
wherein said ratiometric frequency comparator ratio-
metrically compares said first output frequency to said
second output frequency to determine whether a ratio
of said first output frequency to said second output
frequency 1s above or below a predetermined frequency
ratio between frequencies of said first and second
numerically controlled oscillators due to finite expres-
s1on of said first and second frequency control numbers
and adjusts said dynamic frequency correction factor 1n
conformity with a result of said frequency comparison,
whereby a long-term average of said second output
frequency 1s maintained in said predetermined fre-
quency ratio with said first output frequency.

12. The circuit of claim 11, wherein said first frequency
control number represents a {irst ratio between a frequency
of a reference clock and said first output frequency, wherein
said second frequency control number represents a second
rat1o between said frequency of said reference clock and said
second output frequency, and wherein said first and second
numerically controlled oscillators generate said first and
second output frequencies from said reference clock and a
corresponding one of said first and second ratios.

13. The circuit of claim 12, further comprising a multi-
plier for multiplying said first ratio with a third ratio between
said first output frequency and said second output frequency
to compute said second ratio.

14. The circuit of claim 11, wherein said first numerically
controlled oscillator generates a video synchronization ret-
erence and said second numerically controlled oscillator
generates an audio synchronization reference and wherein
said adjusting maintains said audio synchronization refer-
ence 1n long-term phase coherence with said video synchro-
nization reference.

15. The circuit of claim 11, wherein said first numerically
controlled oscillator generates a first numeric representation
of a first synchronization reference and said second numeri-
cally controlled oscillator generates a second numeric rep-
resentation of a second synchronization reference.

16. The circuit of claim 11, wherein said first numerically
controlled oscillator generates a first signal providing a {first
synchronization reference and said second numerically con-
trolled oscillator generates a second signal providing a
second synchronization reference.
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17. The circuit of claim 11, wherein said ratiometric
frequency comparator comprises an accumulator that accu-
mulates a {irst number of counts for each cycle of said first
output frequency and subtracts a second number of counts
for each cycle of said second output frequency, wherein a
ratio of said first number to said second number 1s an 1inverse
of said predetermined ratio, and wherein ratiometric fre-
quency comparator computes said dynamic correction factor
from a value of said accumulator.

18. The circuit of claim 11, wherein said ratiometric
frequency comparator comprises:

a first divider for dividing said first output frequency by
a first factor;

a second divider for dividing said second output fre-
quency by a second factor, wherein a ratio of said first
factor to said second factor i1s equal to said predeter-
mined ratio; and

a phase comparator for comparing an output of said first
divider with an output of said second divider, and
wherein said phase comparator adjusts said dynamic
correction factor in conformity with a result of said
phase comparing.

19. The circuit of claim 11, wherein said dynamic fre-
quency correction factor has at least two discrete states for
adjusting said second output frequency above and below a
predetermined value of said second output frequency,
whereby said second output frequency is dithered by said
toggling said dynamic frequency correction between said at
least two states to maintain said long-term average.

20. The circuit of claim 11, wherein said dynamic fre-
quency correction factor comprises a continuous value for
adjusting said second output frequency, whereby said sec-
ond output frequency 1s maintained at a substantially stable
value to maintain said long-term average.

21. A circuit for generating for generating two rationally
related synchronization references, comprising:

a synchronization reference generator having an output
frequency controlled by a number;

another synchronization reference generator having
another output frequency controlled by another num-
ber;

means for computing a deviation between a ratio of said

output frequency to said another output frequency to a
predetermined value of said ratio; and

means for adjusting said another output frequency respon-
sive to said computing means.
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